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Abstract 
Purpose: The purpose of this study was to clarify the difference of implant alignment 
between the direct anterior approach (DAA) and the anterolateral approach in the supine 
position (ALS). 
Methods: A retrospective comparative study consisted of 215 consecutive primary total 
hip arthroplasties using tapered polished and straight cemented-stems via two different 
minimally invasive approaches (DAA group in 106 hips and ALS group in 109 hips). 
Results: Cup radiographic anteversion angle was significantly lower in the ALS group 
than in the DAA group (12.9o versus 16.9o, p=0.001). The frequency of the safe zone 
tended to be more favorable in the ALS group than in the DAA group (95% versus 87%, 
P=0.052). Stem alignment in the sagittal plane was significantly better in the ALS group 
than in the DAA group (84% versus 71%, p=0.022).  
Conclusions: Both cup and stem alignments were better in the ALS group than the DAA 
group. 
 
 
Introduction 
Total hip arthroplasty (THA) using a minimally invasive technique provides earlier 
functional recovery and shorter hospitalization, and has been widely used in recent 
years [1-2]. The direct anterior approach (DAA) separates both the true inter-muscular 
and inter-nervous planes between the sartorius and the tensor fascia lata muscles to 
reach the hip joint using the distal part of the Smith-Petersen approach with the patient 
in the supine position [3]. On the other hand, the anterolateral approach separates the 
inter-muscular plane between the tensor fascia lata and the gluteus medius muscles, 
modifying the Watson-Jones approach [4]. Although the modified Watson-Jones 
approach can be applied in both the lateral decubitus position and the supine position, 
the anterolateral approach in the supine position (ALS) has become popular because of 
its satisfactory clinical outcomes [5-6].  
     Implant alignment is the key to success to prevent dislocation, polyethylene wear 
and loosening in THA. The accuracy of cup alignment with DAA and ALS has been 
reported [1.2.5-6]. These two approaches have the advantage of a lower risk of 
dislocation [7]. However, to the best of our knowledge, there have been few 
comparative studies of implant alignment performed by a single surgeon using the DAA 
or ALS approaches. The purpose of this comparative study was to evaluate the 
difference of implant alignment between the two minimally invasive approaches of 
DAA and ALS. 
 
Materials and Methods 
The research protocol of this retrospective comparative study was in compliance with 
the Helsinki Declaration, and approved by the institutional review board. From 
November 2013 to June 2015, 215 consecutive primary THAs were performed at our 
institution. Inclusion criteria were patients with osteoarthritis, osteonecrosis, rheumatoid 
arthritis, rapidly destructive coxopathy and subchondral insufficiency fracture, 
supervised by a single experienced surgeon, and with minimum follow-up of one year. 
Exclusion criteria were a history of previous hip surgery and severe deformity that 
required a shortening femoral osteotomy. There were 196 females and 19 males. The 
mean age at surgery was 67.5 years (range, 35-95 years). The mean height was 151.9 
cm (range, 136-181 cm) and the mean body weight was 54.7 kg (range, 34-121 kg). The 
mean body mass index was 23.3 kg/m² (range, 16.0-39.1 kg/m²). Based on a 
preoperative assessment using the American Society of Anesthesiologists physical 
status (ASA-PS) criteria, patients were classified as class Ⅰ (n = 51), class Ⅱ (n = 155) 
or class Ⅲ (n = 9). The primary diagnosis was osteoarthritis in 201 hips, osteonecrosis 
in eight hips, rapidly destructive coxopathy in three hips and other diagnoses in three 
hips. The different minimally invasive approaches of DAA and ALS were performed; 
the first 106 hips used DAA and the second 109 hips used ALS. The senior author (SI) 
started DAA since 2005, and the surgeon had experience of more than 500 THAs via 
DAA and more than 50 THAs via ALS before this study. 
 
Principle of cementing techniques 
Taper polished and straight cemented-stems were applied using the line-to-line concept 
with a modern cementing technique [8-9]. For this technique, the femoral stem was 
selected to be the same size as the last trial stem, which was stable in rotation. The 
cementing technique included plugging the canal, irrigation and drying of the canal 
before retrograde filling with high viscosity cement, and pressurization of the cement to 
fix the femoral component in place (Cobalt HV®; Zimmer Biomet). For the acetabular 
component, an uncemented cup was selected when bone quality was good, while a 
cemented one was selected when bone quality was poor. To place a cemented cup, the 
subchondral bone plate was removed completely to improve the cement-bone interface, 
especially at the superolateral corner, using a surgical airtome and a φ3.2mm drill. Bulk 
bone graft from the removed femoral head was transplanted when the acetabular 
superolateral rim was defective. The cup was inserted with an alignment rod of the cup 
positioner at the anatomical hip center in 40° inclination with reference to the baseline 
connecting the bilateral anterior superior iliac spines (ASIS). Radiographic anteversion 
was targeted to 12.5° with reference to the floor using the alignment rod of the cup 
positioner. Highly cross-linked polyethylene liner was applied and the femoral head size 
was selected to be 22, 26, 28 or 32 mm, depending on the thickness of polyethylene. 
The combination of cemented stem and uncemented cup was defined as the “hybrid” 
group, and the combination of cemented stem and cemented cup was defined as the 
“cemented” group. 
 
Surgical technique of direct anterior approach  
DAA was performed by the method of Oinuma et al. [10]. The patient was placed in a 
supine position on a standard operating table, with the lower extremity in 
hyperextension and adduction. Intraoperative X-rays or fluoroscopy were not used. For 
femoral preparation, release of the posterior capsule was performed to provide sufficient 
exposure. If necessary, the conjoined tendons of the short external rotators were 
released from their insertion subperiosteally.   
 
Surgical technique of anterolateral approach in supine position   
ALS used a 10-12 cm oblique incision, starting from 6 cm lateral and 6 cm caudal to the 
ASIS, following the posterior border of the tensor fascia latae muscle.  The iliotibial 
tract was incised slightly dorsally to make it easier to lateralize the proximal femur at 
the time of femoral preparation. The anterior capsule was exposed by blunt dissection 
between the tensor fasciae latae and the gluteus medius and then resected completely. 
Acetabular reaming and final component positioning were performed under direct 
visualization. For femoral preparation, the proximal femur was lateralized with the leg 
in adduction, external rotation and slight hyperextension. Posterior capsule release was 
performed to expose the entry point of the canal finder. If necessary, the conjoined 
tendons of the short external rotators were released from their insertion subperiosteally. 
Checking the direction of the femoral axis by using the canal finder, femoral rasping 
and trial stem insertion were performed. After trial reduction, the femoral component 
was implanted at the appropriate position by modern cementing technique. 
Intraoperative X-rays or fluoroscopy were not used.  
 
Implant alignment and clinical outcome 
Cup alignment (inclination angle, radiographic anteversion angle and the rates in the 
safe zone of Lewinnek et al. [11], stem alignment, and the combined anteversion of 
Widmer et al. [12] were measured. The inclination angle was assessed three months 
postoperatively from anteroposterior (AP) pelvic radiographs. The radiographic 
anteversion was converted from anatomical anteversion, which was assessed with 
computed tomography (CT), using the formula of Murray et al. [13]. Stem alignment in 
the coronal plane was defined from an AP radiograph in neutral position when the stem 
axis was within three degrees medial or lateral from the anatomical axis of the femur. 
Alignment was considered as varus when more than three degrees medial and as valgus 
when more than three degrees lateral. The stem alignment in the sagittal plane was 
defined from a lateral radiograph as in neutral position when the stem axis was within 
three degrees anterior or posterior from the anatomical axis of the femur, in flexion 
when more than three degrees anterior, and in extension when more than three degrees 
posterior. The stem anteversion was measured by the angle of the neck axis and the 
posterior condylar line of the knee with CT. Radiographic assessment was performed by 
two independent senior orthopedic surgeons in unblinded fashion.  
     Clinical outcome was assessed in all patients one year postoperatively using the 
Japanese Orthopaedic Association hip score (JOA hip score), which comprise the four 
factors of pain, range of motion, walking and activities of daily living, ADL [14]. 
Surgical complications including dislocation and infection were described.   
 
Statistical Analysis 
We compared implant alignment and clinical outcome between DAA and ALS groups. 
Continuous scales were compared with Mann-Whitney's U test and categorical variables 
were compared with Fisher exact probability test and Pearson's χ2 test using JMP® Pro 
12 (SAS Institute Inc, Cary, NC, USA). A p-value <0.05 was considered significant. 
 
Results 
There were no significant differences in age, gender, height, body weight, body mass 
index, ASA status, diagnosis of hip disorder, Crowe classification [15], Dorr 
classification [16], Noble classification [17] or preoperative JOA hip score between 
DAA and ALS groups (Table 1).  
     The cup anteversion angle was significantly lower in the ALS group than in the 
DAA group (12.9o versus 16.9o, p=0.001, Table 2). The percentage of hips with the cup 
in the safe zone tended to be more favorable in the ALS group than in the DAA group 
(95% versus 87%, p=0.052, Figure 1). Stem alignment in the sagittal plane was 
significantly more often in the neutral position in the ALS group than in the DAA group 
(84% versus 71%, p=0.022, Table 2). The combination of both cemented cup and stem 
was significantly more frequent in the ALS group than in the DAA group (84% versus 
70%, p=0.024, Table 2). 
     Surgical complications are described in Table 3. There was one posterior 
dislocation in the ALS group due to a fall. The complication rate was not significantly 
different between groups and no revisions were required in either group. 
 
Discussion 
This study showed favorable implant alignments in THA with a minimally invasive 
technique. The ALS group showed better alignments both of cup and stem than the 
DAA group. The cup radiographic anteversion angle in the ALS group was closer to our 
target anteversion angle (12.5°). The frequency of cups in the safe zone tended to be 
more favorable in the ALS group. On the lateral view, the stem was more frequently in 
neutral position and less frequently in flexion in the ALS group than the DAA group.  
     Component positioning influences the function and duration of THA [18]. 
Anterior and anterolateral surgical approaches can make it possible to expose the hip 
joint between inter-muscular planes with the advantage of lower risk of dislocation and 
without increasing the risk of early revision [7]. However, there have been few 
comparative studies about implant alignment with these approaches when the patient is 
in the supine position.  As for DAA, the accuracy of cup alignment has been reported 
by cohort studies [1-2], although Maeda et al. [19] stated that cup anteversion in DAA 
became approximately 6° larger than the target anteversion when using a mechanical 
guide. The reasons for the larger anteversion in DAA could be explained by the 
difference in pelvic tilt and the rotation angles in the supine position, caused by the 
femoral weight and the flexor muscles, which retract the ipsilateral pelvis posteriorly 
during the cup procedure. On the other hand, the difference with the ALS procedure was 
lateralization of the proximal femur by means of medialization of the tensor fasciae 
latae muscle. There were several benefits to this procedure.  First, improvement of the 
acetabular exposure made handling of the cup positioner easier, resulting in sufficient 
hand-down to prevent excessive anteversion [20]. Second, the retractor at the posterior 
acetabular wall reduced its tension against the lateral soft tissues, and stabilized the 
pelvic tilt [1.19]. Third, the lower eye lines of the surgeon into the acetabulum in the 
ALS procedure during cup positioning prevented excessive anteversion compared to the 
higher eye lines in the DAA procedure (Figure 2 and 3) [1.19]. In this study, the cup 
anteversion supported these hypotheses and was closer to our target angle in ALS. 
     Minimally invasive anterior approaches to the femur for both DAA and ALS 
become more technically demanding than conventional approaches that use posterior or 
direct lateral approaches in preparing the femoral canal. Surgeons must understand the 
anatomical features to prevent complications [21-22]. In past studies, the surgical 
approach affected stem sagittal alignment [23-24]. It may be difficult to insert the 
femoral stem in the neutral position in the sagittal plane using DAA due to the difficulty 
of elevating the proximal femur [20.24]. Muller M. et al mentioned that the sagittal tilt 
of the stem should be considered in the context of impingement and dislocation [25]. 
However, no study has compared stem sagittal alignment in DAA with ALS. This study 
showed that the stem sagittal alignment was significantly better in the ALS group than 
in the DAA group. The proximal part of the femur did not have to be elevated but was 
lateralized to obtain adequate exposure of the proximal femur and to find the entry point 
of the linear part of the canal. Second, lateralization of the proximal femur can avoid the 
prominence of the iliac crest along the linear extension of the femoral canal axis. We 
suggest that ALS is more likely to allow the femoral stem to be inserted with the 
appropriate sagittal alignment. 
     Short-term clinical outcomes were satisfactory both in DAA and ALS. 
Postoperative hip function markedly improved and the rate of complication was 
acceptable and consistent with previous reports [1.6]. Early revision surgery was not 
required for any reason in either group.  
     There were several limitations to this study. First, it was not a prospective 
randomized trial nor matched case-control study. However, the baseline characteristics 
were similar between DAA and ALS groups (Table 1). As for learning curve, de Steiger 
et al. indicated that 50 or more procedures needed to be performed by a surgeon before 
the rate of revision was no different from performing 100 or more procedures [26]. 
Thus, we regard those two cohorts can be compared even though the retrospective 
nature. Second, only tapered polished and straight cemented stems were utilized. 
Generally, a cemented stem needs wider exposure of the proximal femur to prepare the 
femur than does an uncemented stem. Thus, minimally invasive surgery becomes more 
technically demanding and creates a disadvantage for the cemented stem. Nevertheless, 
this study will encourage cement users for the DAA and ALS approaches. Third, the 
frequency of a cemented cup was higher in the ALS group than in the DAA group. This 
difference might bias cup alignment to some extent. 
     In conclusion, both cup and stem alignments were better in the ALS group than in 
the DAA group.  
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 Tables 
Table 1. Preoperative demographic data  
 
Values are given as the mean (ranges)  
DAA: direct anterior approach, ALS: anterolateral approach in the supine position,  
ASA-PS: American Society of Anesthesiologists physical status, Noble CF: champagne 
flute , N: normal, SP: stovepipe, JOA hip score: Japanese Orthopaedic Association hip 
score. 
*Mann-Whitney U test, ¶Fisher's exact probability test, §Pearson's χ2 test 
 
DAA group 
(106 hips) 
ALS group 
(109 hips) 
P value 
Age (years) 67.3 (41-85) 67.7 (35-95) 0.807* 
Gender (Male: Female) 11:95 8:101 0.433¶ 
Height (cm) 152.6 (138-181) 151.3 (136-178) 0.911* 
Body weight (kg) 55.7 (37-121) 53.8 (34-85) 0.458* 
Body mass index (kg/m²) 23.7 (16-39) 22.9 (23-33) 0.232* 
ASA-PS (Ⅰ:Ⅱ:Ⅲ:Ⅳ) 27:74:5:0 24:81:4:0 0.755§ 
Preoperative diagnosis, % (hips)    
Osteoarthritis 91% (97) 95% (104)  
Osteonecrosis 6% (6) 2% (2)  
Rapidly destructive coxopathy 1% (1) 2% (2)  
Rheumatoid arthritis 1% (1) 1% (1)  
Subchondral insufficiency 
fracture 
1% (1) 0% (0)  
Crowe (Ⅰ:Ⅱ:Ⅲ:Ⅳ) 73:25:8:0 82:21:6:0 0.573§ 
Dorr (A:B:C) 26:70:10 38:54:7 0.100§ 
Noble (CF:N:SP) 9:91:6 20:84:5 0.105§ 
Preoperative JOA hip score 41.0 (15-65) 40.5 (12-61) 0.244* 
 Table 2. Postoperative data and implant alignment  
 DAA group 
(106 hips) 
ALS group 
(109 hips) 
P value 
Rate of cemented socket, % (hips) 70% (74) 84% (92) 0.024¶ 
Rate of bulk bone graft, % (hips) 41.5% (44) 53.2% (58) 0.114¶ 
Cup alignment    
 Inclination angle(°) 42.5 (26-58) 42.5 (31-58) 0.927* 
 Anteversion angle(°) 16.9 (8.1-27.2) 12.9 (5.8-24.5) 0.001* 
Rate of safe zone, % (hips) 87% (92) 95% (103) 0.052¶ 
Stem alignment, % (hips)    
Anteroposterior radiograph    
 Neutral 99% (105) 98% (107) 0.981§ 
 Varus 0% (0) 0% (0)  
 Valgus 1% (1) 2% (2)  
Lateral radiograph    
 Neutral 71% (75) 84% (92) 0.022§ 
 Flexion > 3 degrees 28% (30) 16% (17)  
 Extension > 3 degrees 1% (1) 0% (0)  
Combined anteversion 29.5 (7.3-57.2) 28.6 (4.8-50.1) 0.429* 
Postoperative JOA hip score 91.8 (77-100) 90.7 (66-98) 0.637* 
 
Values are given as the mean (ranges)   
*Mann-Whitney U test, ¶Fisher's exact probability test, §Pearson's χ2 test 
 
 
 
 
 
  
Table 3. Complications  
 DAA group 
(106 hips) 
ALS group 
(109 hips) 
P value 
Superficial infection (hips) 0 0 1.00 
Deep infection 0 0 1.00 
Calcar fracture 0 0 1.00 
Major trochanteric fracture 2% (2) 1% (1) 0.618 
Transient hyperesthesis of LCFN 3% (3) 0% (0) 0.118 
Nerve palsy 0 0 1.00 
Postoperative dislocation 0% (0) 1% (1) 1.00 
Postoperative femoral fracture 0 0 1.00 
Cup migration 0 0 1.00 
Stem subsidence ＞5mm 0 0 1.00 
Thigh pain 0 0 1.00 
Total 5% (5) 2% (2) 0.275 
 
LCFN: lateral cutaneous femoral nerve. 
Fisher's exact probability test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures
 
Figure 1. Scatterplot of cup alignment in DAA and ALS groups. Square box with dotted 
lines reflects Lewinnek’s safe zone. The cup was in the safe zone 87% of the time in the 
DAA group and 95% of the time in the ALS group (p=0.052). 
 
 
 
Figure 2. Photographs showing surgical exposure of the left acetabulum in the two 
different approaches 
The lower eye lines of the surgeon into the acetabulum in the ALS procedure (A, C) 
during surgical exposure prevented excessive anteversion compared to the higher eye 
lines in the DAA procedure (B, D). 
 
 
Figure 3. Photographs showing the cup implantation in the two different approaches  
Sufficient hand-down of the cup positioner prevents excessive anteversion in the ALS 
procedure (A, C), while the alignment rod is interfered by the tensor fasciae latae and 
skin in the DAA procedure (B, D). 
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